In this paper, we use deformation approach and obtain the corresponding Lagrangian of charged test particle. Also, we show the effect of NC parameters on the Lagrangian of test particle in HL background with charge and without charge. Also, we see in case of β = θ and without charge, the deformed and non-deformed Lagrangian will be same. Also in case of β = θ and with charge will be the same but the charge or field need some scaling. Finally, We show that two theories in case of β = θ with charge is completely different. It means that in case of NC geometry in addition to have time components of field we have r and x i components.
Introduction
Our main focus for the application of NC geometry in cosmology is associated to the HL black holes. For the first step, they considered the non-commutative corrections for massive gravity black holes [25] . In the present work, we take advantage from above information to deform the Hamiltonian of HL black holes with non-commutative geometry space. In that case, we have some deformation parameter which are non-commutative geometry parameter. All above information give us motivation to arrange paper as follow. In section 2 we are going to review general form of HL black hole. In section 3 we take some information from section 2 and write the explicit form of Lagrangian. Such Lagrangian is explanation of charged test particle in corresponding black holes. In order to apply NC geometry to Hamiltonian of black hole, one can choose some change of variables. We also write the non-deformed Hamiltonian corresponding to charged test particle in HL black hole. Then, we give some review to NC geometry and apply it to non-deformed Hamiltonian. So, the deformed Hamiltonian help us to achieve the deformed Hamiltonian for charged test particle in HL black hole. Finally, we present some results and conclusion.
Horava-Lifshitz black holes
In order to study the HL black holes, the general form of action can be written as,
where S g and S m are gravitational and matter sectors, respectively. So, according to Ref. [26] , the form of action for the gravitational section in HL gravity can be found as
where we can see that the action will be reduced to GR action if λ = β = 1 and α = 0. In our analysis, we start with a general form of metric as,
where, N, N i and g ij are the lapse function, the shift vector and the metric of the space-like hypersurface, respectively. Therefore, we have the following relations
For matter sector, we use Lorentz-violating electromagnetism field as [27] ,
where,
with Γ ijk the Levi-Civita symbol. Now, we are going to obtain the solution of Eqs. (2) and (4) first, we study the action of (4) . In that case, we consider the electromagnetic field with the only non-vanishing component A t (r) and also β µ = 0(µ = 0, 1, 2). Subsequently, the Maxwell equation reads as,
which gives us the following solution,
with the integral constant Q e , which can be interpreted as the charge of the Lifshitz black hole. By using analytic process in Ref. [28] , we set the metric components in (3) as
By substitution of the above components in the total action (1), one can obtain
then the metric (3) takes the following form,
and the form of ξ(r) in the above equation will be following
where M and Q e are integral constants which can be understood as the mass and charge of the Lifshitz black hole. By combination of Eqs. (5) and (7) for the time component of A, we will have
3 The deformation of phase space
Firstly, we consider the general form of Lagrangian for the charged test particle,
The conservation of angular momentum confines the particle motion to plane. Also we conveniently take the equation plane with θ = π 2
, dθ = 0 and sin θ = 1. As a result of this fact and by using the metric (10) in the above equation, we can obtain the Lagrangian for HL black holes as
Now, we can apply the canonical relations in order to obtain the corresponding Hamiltonian by rewriting the Hamiltonian in terms of new variables. We note that the new form of Hamiltonian for the Lagrangian of HL black holes will be similar to the form of simple harmonic oscillator. We define new variables as,
and
+ r,
x 6 = cosh eA t (r)ṫ, x 7 + y 7 = eA t (r)ṫ + 1,
By using the above variables in Eq. (14), one can obtain the Hamiltonian as,
where
It is obvious that the Hamiltonian Eq. (18) has an oscillator form that is useful for gravitational theories.
As we know, in commutative case we have usual Poisson brackets which are given by,
where x i (i = 1, 2) and P x i (i = 1, 2). To compare NC and commutative phase space we need to explain some approaches of non-commutative. In such approach, quantum effects can be dissolved by the Moyal brackets {f, g} α = f ⋆ α g − g ⋆ α f which is based on the Moyal product as,
After corresponding calculations, we find some anti commutative relations which are given by
Now, we focus on the NC geometry and apply it for new Hamiltonian of charged test particle in HL black hole. In that case, we use transformations on the classical phase space variables. So, we have followinĝ
The new anti commutative relation will be as
where σ = βθ 2
. In order to construct the deformed Hamiltonian of charged test particle in HL black hole, we take the Hamiltonian from Eq. (18) with new variables in Eq. (24) . Hence, the form of Hamiltonian in the deformed analysis is found as,
The above deformed Hamiltonian lead us to have a new Lagrangian which is deformed form of original Lagrangian of charged test particle HL black hole. Now, for the corresponding model we arrange the deformed Lagrangian aŝ
We use the Eq. (19) , then the deformed Lagrangian can be written as followinĝ
Such equation is deformation form of Eq. (14) and the parameters β and θ play important role in corresponding background. If we compare Eq. (30) with Eq. (14), we will arrive to the following results: For the first case, if we take β = θ in Eq. (30), the deformation will effect on the corresponding charge. In that case, the charge will be rescaled by e →ê = β 2 4
e and the last term of Lagrangian will be
eA t (r) or the field may be changed by A t (r) →Â t (r) = β 2 4
A t (r). In the second case, if we assume β = θ the deformed and non-deformed Lagrangian without charge will be the same. The NC parameters have no effects to the corresponding Lagrangian. Finally, one can say if we take β = θ and the charge is non-zero, we will have completely different results. In that case, in addition to haveÂ t components of field we haveÂ x i andÂ r fields. So, the components of electromagnetic field will be aŝ
eA t (r)),
,
So, generally the NC geometry as Landau model account some electromagnetic field to the corresponding theory.
Conclusion
In this paper, we applied deformation analysis by NC geometry in order to obtain the corresponding Lagrangian of charged test particle. Also, we presented the effect of NC parameters on the mentioned Lagrangian in HL black holes with charge and without charge. We showed that in case of β = θ and without charge, the deformed and non-deformed Lagrangian were similar. Also, in case of β = θ and with charge, it was the same but the charge or field need to some scaling. Finally, we showed that two scenarios in case of β = θ with charge are completely different. It means that in case of NC geometry in addition to have time components of field we have r and x i components. Such results in future help us to investigate the relation between Finsler and non-commutative geometry for the test charged particle in HL black hole.
